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(57) ABSTRACT

A heat exchanger includes a shell; a pair of tube plates
provided at both ends of the shell; a plurality of heat transfer
tubes supported by the tube plates and housed in the shell;
and a high-temperature fluid inlet connection for introducing
a high-temperature fluid into the shell. A cooling jacket
having a porous structure, over which a cooling fluid is to be
spread, is provided on the interior surface of the high-
temperature fluid inlet connection.

3 Claims, 3 Drawing Sheets
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1
HEAT EXCHANGER

FIELD

Embodiments described herein relate generally to a heat
exchanger for use in a nuclear power plant or a thermal
power plant.

BACKGROUND

FIG. 6 is a cross-sectional diagram of a heat exchanger for
use in a power plant, illustrating a joint portion between the
main body of the heat exchanger and a high-temperature
pipe for heating steam. In FIG. 6, reference numeral 60
denotes the shell of the heat exchanger. A large number of
heat transfer tubes 61, supported by a pair of tube plates 62,
are housed in the shell 60. A low-temperature fluid flows
through the heat transfer tubes 61. A high-pressure, high-
temperature fluid is introduced from a high-temperature
fluid inlet connection 63 into the shell 60. Heat exchange
takes place between the high-temperature fluid and the
low-temperature fluid flowing through the heat transfer
tubes 61.

In such a heat exchanger, a thermal stress acts on a region
around the joint between the high-temperature fluid inlet
connection 63 and the shell 60. This is because the high-
temperature fluid inlet connection 63 thermally expands by
exposure to a high temperature while the shell 60 is kept at
a low temperature, and therefore the joint between the
high-temperature fluid inlet connection 63 and the shell 60
is subject to a high compressive stress due to simultaneous
occurrence of expansion and contraction at the joint. It is,
therefore, conventional practice to employ a thermal sleeve
structure in the high-temperature fluid inlet connection 63 to
reduce thermal stress.

The above prior art techniques employ a thermal sleeve
structure to reduce thermal stress and, in cases where the
stress reducing effect is insufficient, provide an insulating
means in the thermal sleeve structure to enhance the effect
of reducing thermal stress.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a heat exchanger
according to a first embodiment of the present invention;

FIG. 2 is a cross-sectional view of a variation of the heat
exchanger according to the first embodiment of the present
invention;

FIG. 3 is a cross-sectional view of a heat exchanger
according to a second embodiment of the present invention;

FIG. 4 is a cross-sectional view of a heat exchanger
according to a third embodiment of the present invention;

FIG. 5 is a cross-sectional view of a variation of the heat
exchanger according to the third embodiment of the present
invention; and

FIG. 6 is a cross-sectional view of a conventional heat
exchanger.

DETAILED DESCRIPTION

Embodiments of the present invention will now be
described with reference to the drawings.

A heat exchanger according to the embodiment includes
a shell; a pair of tube plates provided at both ends of the
shell; a plurality of heat transfer tubes supported by the tube
plates and housed in the shell; and a high-temperature fluid
inlet connection for introducing a high-temperature fluid
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into the shell. A cooling jacket having a porous structure,
over which a cooling fluid is to be spread, is provided on the
interior surface of the high-temperature fluid inlet connec-
tion.

FIG. 1 shows a heat exchanger according to a first
embodiment of the present invention. The heat exchanger is
for use in a nuclear power plant or a thermal power plant. In
FIG. 1, reference numeral 1 denotes a shell constituting the
main body of the heat exchanger. A tube plate 2 is mounted
at each end of the shell 1. A large number of heat transfer
tubes 3 are supported by the tube plates 2 in the shell 1.

A high-temperature fluid inlet connection 4 is mounted to
the shell 1. A high-temperature fluid, which has been fed
through not-shown high-temperature piping, is introduced
from the high-temperature fluid inlet connection 4 into the
shell 1. On the other hand, a low-temperature fluid flows
through the heat transfer tubes 3. Heat exchange takes place
between the high-temperature fluid introduced into the shell
1 and the low-temperature fluid flowing through the heat
transfer tubes 3. The fluid whose temperature has been
lowered by the heat exchange is discharged from a fluid
outlet connection 5 provided in the shell 1.

In the heat exchanger of this embodiment, a cooling jacket
6 is mounted on the interior surface of the high-temperature
fluid inlet connection 4. The cooling jacket 6 is a cylindrical
member having a porous structure with numerous through-
holes. The cooling jacket 6 is fit in the high-temperature fluid
inlet connection 4 such that a gap which allows fluid to flow
is formed between the outer surface of the cooling jacket 6
and the interior surface of the seat 4. The lower end of the
cooling jacket 6 extends to the joint between the shell 1 and
the high-temperature fluid inlet connection 4. To the high-
temperature fluid inlet connection 4 is mounted a cooling
fluid inlet port 7 for introducing a cooling fluid into the
cooling jacket 6. A not-shown cooling pipe is connected to
the cooling fluid inlet port 7.

The operation of the heat exchanger of this embodiment,
having the above construction, will now be described.

The high-pressure, high-temperature fluid flows from the
high-temperature fluid inlet connection 4 into the shell 1.
The high-temperature fluid inlet connection 4 thermally
expands due to its exposure to the high-temperature fluid.
On the other hand, the temperature of the shell 1 is relatively
low because of heat exchange taking place within the shell
1 between the low-temperature fluid flowing through the
large number of heat transfer tubes 3 and the high-tempera-
ture fluid.

Under such thermal conditions, the cooling fluid is intro-
duced from the cooling fluid inlet port 7 into the cooling
jacket 6 provided in the high-temperature fluid inlet con-
nection 4. Because the cooling jacket 6 has a porous
structure with numerous through-holes, the cooling fluid is
spouted out by way of the through-holes so as to be covered
with the cooling fluid, whereby a increase of the temperature
of the interior surface of the high-temperature fluid inlet
connection 4, which is in contact with the cooling jacket 6,
can be controlled.

This can reduce the temperature difference between the
high-temperature fluid inlet connection 4 and the shell 1 at
the joint between them, thereby reducing thermal stress.
Furthermore, unlike the conventional thermal sleeve struc-
ture that reduces thermal stress mechanically, the cooling
jacket 6 can sufficiently respond to the recent movement
toward higher temperature of the high-temperature fluid,
making it possible to enhance the structural soundness and
the reliability of the heat exchanger.
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FIG. 2 shows a variation of the heat changer of this
embodiment. In the variation, the cooling fluid inlet port 7
for introducing a cooling fluid into the cooling jacket 6 is
mounted to the shell 1. The cooling jacket 6 has an extension
portion 6a, extending along the interior surface of the shell
1 and reaching to the cooling fluid inlet port 7, so that the
cooling fluid, introduced from the cooling fluid inlet port 7,
passes through the extension portion 6a and spreads over the
entire cooling jacket 6. The other construction of the heat
exchanger is the same as the embodiment shown in FIG. 1,
and hence the same reference numerals are used for the same
components and a detailed description thereof is omitted.

According to the embodiment of FIG. 2, the cooling fluid
is supplied to the cooling jacket 6 from the cooling fluid inlet
port 7 provided in the shell 1. Therefore, a wider area of the
heat exchanger, including the joint between the high-tem-
perature fluid inlet connection 4 and the shell 1, can be
cooled with the cooling fluid. This can achieve a higher
thermal stress reducing effect.

Though in the embodiments of FIGS. 1 and 2 the cooling
fluid is supplied to the cooling jacket 6 from the not-shown
cooling pipe, it is also possible to recycle the fluid, whose
temperature has been lowered by the heat exchange within
the shell 1 and which has been discharged from the shell 1
through the fluid outlet connection 5, to the cooling fluid
inlet port 7.

FIG. 3 shows a heat exchanger according to a second
embodiment of the present invention. Instead of the cooling
jacket 6 of the first embodiment, the second embodiment
employs a dome-shaped portion 10 formed on the shell 1.

The dome-shaped portion 10 bulges out of the shell 1 and
intervenes between the shell 1 and the high-temperature
fluid inlet connection 4.

In the second embodiment, the high-temperature fluid
inlet connection 4 is not directly connected to the shell 1, but
is separated by the dome-shaped portion 10. This enables
reduction of thermal stress as follows.

In comparison of the case where the high-temperature
fluid inlet connection 4 is mounted to the dome-shaped
portion 10 according to the second embodiment with the
conventional case where the high-temperature fluid inlet
connection 4 is mounted directly to the shell 1, in the former
case the high-temperature fluid inlet connection 4 is
mounted to the dome-shaped portion 10 whose diameter is
considerably smaller than the diameter of the shell 1.
Accordingly, the allowable stress, determined by the calcu-
lation of pressure capacity, is higher in the former case
according to the second embodiment than in the conven-
tional case.

Further in view of the fact that the dome-shaped portion
10 itself has a high pressure capacity and a high allowable
stress, the second embodiment of the present invention is
expected to have a higher thermal stress reducing effect
compared to the conventional case where the high-tempera-
ture fluid inlet seat 4 is mounted directly to the shell 1.

It is possible to use a thermal sleeve structure in the joint
between the high-temperature fluid inlet connection 4 and
the dome-shaped portion 10. In this case, the thermal sleeve
has the effect of reducing thermal stress at the joint between
the high-temperature fluid inlet connection 4 and the dome-
shaped portion 10 and at the joint between the dome-shaped
portion 10 and the shell 1, making it possible to deal with
higher temperature conditions.

FIG. 4 shows a heat exchanger according to a third
embodiment of the present invention. The third embodiment
employs the cooling jacket 6 of FIG. 1 and the dome-shaped
portion 10 of FIG. 3 in combination. The same reference
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numerals are used for the same components as in the
preceding embodiments, and a detailed description thereof is
omitted.

As in the second embodiment shown in FIG. 3, the
dome-shaped portion 10 intervenes between the shell 1 and
the high-temperature fluid inlet connection 4. As in the first
embodiment, the cooling jacket 6 is mounted in the high-
temperature fluid inlet connection 4. The cooling fluid inlet
port 7 for introducing a cooling fluid into the cooling jacket
6 is mounted to the high-temperature fluid inlet connection
4.

According to this embodiment, thermal stress can be
effectively reduced by the synergistic effect of the forced
cooling by the cooling jacket 6 and the high allowable stress
of the dome-shaped portion 10.

FIG. 5 shows an embodiment which corresponds to the
combination of the embodiment of FIG. 2 and the embodi-
ment of FIG. 3.

In this embodiment the cooling jacket 6 has a shape
conforming to the interior surfaces of the high-temperature
fluid inlet connection 4 and the dome-shaped portion 10, and
has an extension portion 6a extending to the shell 1. The
cooling fluid inlet port 7 is mounted to the shell 1.

According to this embodiment, thermal stress can be
reduced more effectively by the synergistic effect of the
extended forced cooling by the cooling jacket 6 and the high
allowable stress of the dome-shaped portion 10.

Though in the embodiments of FIGS. 4 and 5 the cooling
fluid is supplied to the cooling jacket 6 from the not-shown
cooling pipe, it is also possible to recycle the fluid, whose
temperature has been lowered by the heat exchange within
the shell 1 and which has been discharged from the shell 1
through the fluid outlet connection 5, to the cooling fluid
inlet port 7.

While the embodiments have been described, it will be
understood by those skilled in the art that the present
invention is not limited to the particular embodiments
described above. For example, instead of the dome-shaped
portion 10, it is possible to use, for example, a spherical or
conical intervening portion insofar as it can achieve sepa-
ration of a high-temperature area and a low-temperature
area.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the sprit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and sprit of the inventions.

What is claimed is:

1. A heat exchanger comprising:

a shell;

a pair of tube plates provided at both ends of the shell;

a plurality of heat transfer tubes supported by the tube
plates and housed in the shell;

a high-temperature fluid inlet connection for introducing
a high-temperature fluid into a space surrounding outer
surfaces of the heat transfer tubes in the shell, the
high-temperature fluid inlet connection comprising a
body disposed outside of the shell and connected to the
shell at a joint between the high-temperature inlet
connection and the shell; and
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a cooling jacket, over which a cooling fluid is to be
supplied, is provided on the interior surface of the
high-temperature fluid inlet connection,

wherein the high-temperature fluid inlet connection and
the cooling jacket extend vertically and connect to an 5
upper portion of the shell such that a flow of the high
temperature fluid is introduced through the high-tem-
perature fluid inlet connection in a downward flow
direction into the upper portion of the shell, and
wherein the cooling jacket has a porous structure 10
provided with through-holes that extend through the
cooling jacket,

the porous structure includes openings provided at more
than one location in a direction parallel to the direction
of the flow of the high temperature fluid being intro- 15
duced into the shell through the high-temperature fluid
inlet connection.

2. The heat exchanger according to claim 1, wherein a
cooling fluid inlet port for introducing the cooling fluid into
the cooling jacket is provided in the high-temperature fluid 20
inlet connection.

3. The heat exchanger according to claim 1, wherein the
cooling jacket comprises an annular body in the high-
temperature fluid inlet connection, and the joint between the
shell and the high-temperature fluid inlet connection is 25
provided at an upper portion of the shell.
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